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ABSTRACT 


This ¢+hesis allows a person with access to a computer 
shat uses th: FORTRAN language and that is squipped with <he 
DIS A software system the ability to se2iect and 
graphically portray for analysis che srizcical dasign 
parameters of actual helicopters. * also allows a person 
with access *o any compute= that uses the FORTRAN language 
the ability tc dos a complete conceptual design of a 
halicopter at one sitting in accordance with che procedures 
in the Helice egal acer Manual published as course notes 
for phe hE 06- Helicopter Design ccurse at <+hn2 Naval 


Postgraduate Schcol. 
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I. INTRODUCTION 


A. BACKGRCUND 

The helicepter industry, as in aost industries, 
incorporates many of the attributes of its previous designs 
into its new frodwts. New aircraft ar2 generally built 
upon the successes of previous designs with minor changes 
due to technolcgical advances. These tachnological advances 
usually relate ¢o new materials and new methods cf control 
but hardly ever result in drastic changes to the aerodynamic 
surfaces. These proven Cesigns of the intagrai parts which 
have specific aerodynamic characteristics are well 
documented and extremely useful in «he dasign process. It 
is essential forthe designer to have this corporate 
knowledge of design trends for the design process as well as 
for the vwalidaticn of his design. This knowledge of design 
+rends is necessary for beth the designer in industry and 
the student in a learning environment. 

Outside of specific helicopter companias, little has 
been done to analyze the interrelationships that exist 
between design parameters. These interrelationships provide 
a bases for the simplification of assumptions and validation 


of design results. This knowledge needs to be available to 


the design student just as it is to tha design engineer so 
that the information can be used for an analysis or 
verfication during the design process. Tharefore, it is 
important that this information be readily available and 
that the student have quick, easy and well defined access to 
this inforsaticn. 

Tha retrieval and analysis of historical data is but one 
part of the design process. The critical part is the actual 
process whereby a conceptual design is accomplished «hrough 
many iterations. This process is long and involved but 
provides the design student with a basic understanding of 
the design precess. For a more indepth study of the design 
process it is necessary for the student to vary as many of 
*he Gesign parameters as possible in ordar to see the 
interralationships that exist. This process also allows the 
student to beccme intimately familiar with the problems and 
needs cf the designer. 

To date, no known programs for tha IBM 3033 have been 
prepared that will take the design student through the 
entire process froa historical analyses to conceptual design 


completion. 


0 MMMM lt ey LR “2 


Fe 


B. GOALS 


The objective of this study was t> develop an 
interactive capability for the design studant using the IBM 
3033 computer. The program, if used at the Naval 
Postgraduate School, shculd be capable of providing 
graphical representations of the crictical data necessary for 
a preper analysis in che data analysis phase. During the 
conceptual design ohase the program should allow for design 
student/computer dntaraction so) that tha design student can 
readily see the effec=s of varying critical parameters. To 
maximize the assets available at the Naval Postgraduate 
School, the Tekzronix 618 dual screen system and the DISSPLA 

(Ref. 1) softwara system should be incorporated in the 
structuring of the computer programs. 

The programs should be designed primarily for the use of 
Aeronautical Engineering students at the Naval Postgraduate 
School enrclled in the Helicopter Performance, Helicopter 


Dasign, and Advanced Helicopter Design courses. 
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II. APPROACH TQ THE PROBLEM 


A. INTRODUCTION 

The basic approach was to write two computer programs 
utilizing the DISSPLA software system for use on the IBM 
3033 using FORTRAN IV. The programs 2ra completely 
interactive, prompting the user for all necessary 
information and «hen graphically dapicciag the information 
in the form of tables on ths IBM 3278 screan or as a graph 
on either the Tektronix 618 scraen or by usa of the VERSATEC 
plotter. If the Tektronix machine is used, the displayed 
graph can be copied directly using elactzostatic copiers 


attached to each machine. 


B. ANALYSIS OF HELICOPTER DESIGN DATA 

The first pregram consists 9f a historical data display 
system that takes thirty critical design partametars and 
allows the user to select the parameters for analysis. The 
user can then specify the page format as wall as the number 
of gtaphs per page of the finished graph. Subroutines 
within the program ar2 as follows: 

1. Block data 

2. Data point identification 


3. Graphical display formatting 
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C. CONCEPTUAL HELICOPTER DESIGN 

The second program is written to correspond procedurally 
WITH THE Helicopter Design Manual (Ref. 2] used in the AE 
4306 Heliccpter Design course at the Naval Postgraduate 
Schcol. The formulas necessary for the somputation of each 
section is prowided in lieu of subroutine use. This allows 
for quick and easy updating of the program as it becomes 
necessary. Also, if the student desires, iz can be seen how 
the data that is received is computed. This pregram i 
completely interactive and requires only that the student 
have the infcrmation listed on the design specification 
sheet and the accompanying charts and references necessary 
for the required dacisions during the dasiga process. All 
tables and graphs are generated and displayed either on the 
IBM 3278 screen or the Tektronix 618 scra2n. Output for the 
tabular data is provided cn a separate fils and the single 
graph needed fcr design decisions can ba obtained using the 
electrostatic printers. 

Detailed knowledge of the IBM 3033 computer is not 
necessary. A familiarity of helicopter aerodynamics and 
performance is, however, necessary for proper utilization of 
the program in order to obtain meaningful design 
information. 
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III. SOLUTIONS TQ THE PROBLEMS 


A. DATA DISPLAY PROGRAM 
Table I lists the thirty critical design parameters used 


most often in any analysis of an aircrafts performance as 


found in the Helicopter Performance Yanual ([Ref. 3]. 


TABLE I 
Design Parameters 


Main rotor radius 


Tail rotor radius 
Number of natn retor blades 


Height of the main rotor syste2n 
eéd of the main roto 
Speed of the tail rotor 
Chord of the main rotor 
Cherd of the tail rotor 
Span of the gaajn rotor 
Span of the tail rotor 
Twist cf the main rotor blade 
Twist of the tail rotor blade 
srosiie dzag of the na rotor blade 
Pro € F2g of the ta rotor blade 
Disc loading of the main rotor system 
idth cf the fuselage 
Length of the faker 39a 
Frontal equivalent flat plate area 


Vertical equivalent eae plate area 
Maximump fotward velocity 


Fue] weight 
factaee dross weight 


The above parameters have been daamed those most 
critical to the design precess. The airfoil data has been 


extrapolated from NACA data andthe specific helicopter 
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the 


have been extrapolated from 


parformance parameters 


various manuals for the specific helicopters. Tables III 
through X, Appendix C, list the specific data utilized for 
the study. 

Table II lists the helicopters usei for ‘he analysis 


portion of the graphing. 


TABLE If 


Representative Helicopters 


Militar Weight Branch of 
pestanstor Clas t ation Service 
AH-64 Medium USA 
OH-6A Light USA 
SH- 3H Medium USN 
S-76 Medium USN 
UH-60A Medi un USA/USN 
CH-54B eavy USA 
CH-53D Heavy USN 
CH-53E Heavy USN 


All the helicopters selectad for study were single main 
rotor helicopters that are still in the active inventories 
The selections ware made with 


of the agencies iisted. 


deference to aircraft of the U.S. Army and U.S. Navy and 


then to a representative sampling of the three major weight 
classifications. 

The data from Tables III through X can now be graphed in 
the following ccmbinations using the Data Display program: 


1. Simple X-Y plot 
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a. Horizontal pace format (11 X 8.5 inches) 
b. Vertical page format (8.5 X 11 inches) 
2. Two parameters versus a third 
a. Horizontal page format (11 X 38.5 inches) 
(1) Two axes on the abscissa scale 
(2) Two axes on the ordinates scale 
b. Vertical page format (8.5 X 11 inches) 
(1) Two axes on the abscissa scale 
(2) Two axes on the ordinate scale 
3. Two X-Y plots on the same page with a horizontal 
page format 
4. Three parameters versus one common parameter 
with a vertical page for mat 
5. Four separate X-Y plots on the same page with a 
horizontal page format 
Figures 3.1. through 3.9., Appendix C, illustrate the 
capability of the program. The prcegram was devised so as to 
allow the greatest flexibility for the analyst as to the 


graphical presentation. 


B. CONCEPTUAL DESIGN PROGRAM 
The design process is in accordance with the procedural 


steps as outlined in the Helicopter Design Manual. The 


“eA a vw BSL * 
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program is devissd so as to allow the design student the 
ability to do a coaplete conceptual design at one sitting if 
he is properly preparad. The program lists all critical 
tables and informaticrn necessary for doing an analysis of 
the design and also provides the necessary information to 
prepare a written report. If the Tektronix dual screan 
combination is used, the student has a graphical 
representation of th2 total power curve ac altitude 
presented to him which must be used to extrapolate critical 
design performance parameters. Figure 3.129. is a sample of 
the graphical representaticn provided. Sagaple sutput is 
provided in Appendix B to illustrate tha capabilities of the 


program and the possible usefulness to the design student. 
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IV. RESULTS AND CONCLUSION 


A. DATA DISPLAY PROGRAM 

This program provided good results in use for «he 
analyses of <he design parameters considsred, particularly 
in the correlation between commonly used ‘rules of thumb! 
and graphical analyses of “he same parameters. 

The capability of the program could b2 enhanced ir 
several ways. First, additional single main srotor 
heliccpters could be added ‘to enable a more complete 
analysis to be accomplished. Seccnd, tha use of different 
scales, such as the logrithmic scale, for the graphical 
analysis could prove “to be more suitable for some of the 
parameters. Third, additional parametszs that other 
companies have compiled in their ‘technical manuals could be 


added for analysis. 


B. CONCEPTUAL DESIGN PROGRAM 

This program provided information consisten: with 
existing aircraf<. The interactive characteristic of the 
program allows the student to actively participate? in che 
design process and, most importantly, th program allows the 


student to vary parameters and see the sffscts of changing a 
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Single parameter on the entire design procass. If the 


student was prepared and had all the appropriate references, 
this process need only take an hour to complete one 
iteration of the entire pvrecess. This allows for multiple 
iterations, optimization, and parameter variation. 

One prcblem with the program is that iz is only as good 
as the assumptions that have been mad2 for the modei to 
Simplify the formulae used as given in Reference 3. A 
crude approximatim +o existing aircraft can be made with 
the understanding that the aircraft designed during this 
process is merely a conceptual design and the beginning step 
in the process for the final product. This model has been 
daveloped so that changes mad? to th course can ba 
incorperated easily and that any corrections can be made 
quickly. This program also can be run cn any FORTRAN 


capable computer using the coding iistei in Appendix 8B. 
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A. USERS GUIDE TO THE DATA DISPLAY PROGRAM 

The pregram has been written with the user in mind. Et 
is completely interactive once the program has been loaded 
into the DISSPLA mode so that the user nei curly read the 
instructions presented on the screen carafully. 

Usa the following procedure to invoke the Data Display 
program once tke Fortran program resides on the users disk. 


1. Logon as normal at either a regular IBM 3278 : 
terminal or at a Tektronix 618 dual screen serminal 


2. Obtain the usa of tempcrary storaga space by 
entering the following: 


DEFINE STORAGE 1M (entar) 


3. When the PSW '00020000 00000000' appears on the 
screen type in: 


I cms (enter) 


4. If the program has not been previously compiled on 
your disk type in: 


PORTGI HELODATA (enter) 


5. When the program has been compiled you are ready 
to enter into DISSPLA by *+yping in: 


DISSPLA HELODATA (enter) 


6. Follow the instructions given on the screen. 


If you desire a hard co cf tha graphs do the 
following: vib cate 


IBM terminal-- Exit the program and 
enter DISSPIP and then 
follow the instructions 
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TEK terminal-- Press ths hardc buttcn 
on the Megs monitor 


B. FROGRAM NCMENCLATURE 


MN ENONIC 


ANS 


HOVIGE 


HOVOGE 


HT 


DEF INITION 
General variable for reading kayboard answers 
Number of main rotor blades 
Number of *ail rector bladas 
Chord of a main rotor blade in feat 
Profile drag of a main rotor blade section 
Frofile drag of a tail rotor blade section 
Chord cf a tail rotor blade in feet 
Disc loading of the main rotor system 
Frontal effective flat plate area in square fet 
Vertical effective flat plate area in square feet 
Puel weight in founds 
Hover ceiling (in ground effect) in feer 
Hover ceiling (out of ground affect) in fee 


Height of the main rotor system above the 
ground in feet 


Do loop variable 

Array for packing legend information 
Array for packing legend information 
Length of the fuselage in feet 


Length of the tail in feet 
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LWT 
MGW 
OPTION 


owt 


RPMTR 
RS. 
RSTR 
RTR 
TEMP1 
TEMP2 
TEMP3 
TITALT 
TWOAX 
TWST 
TWSTR 
Va 


aodT 


Load weight in feunds 


Maximum gross weight in pounds 


Term used in Switch subreutine for page formasting 


Operating weight in pounds 


Referercee page format selectior 


Main rotor radius in feet 


Maximum rate of climb in feet per minute 


Maximum range in nautical nmilzs 


Speed of the main rotor system in RPM 


Speed cf the tail rotor system in RPM 


Span of a main rotor blade in feet 


Span of a tail rector blade in 


Tail rotor radius in feet 


feet 


Dummy parameter returned from subroutine 


Dumpy parameter returned from subroutine 


Dummy parameter returned from subroutine 


Program trip used in multiple axes plotting 


References which axis has two axes piotted 


Twist of a main rotor biade in degrees 


Twist cf a tail rotor blade in degrees 


Maximum velocity in knots 


Width of the fuselage in feet 


Arra 
absc 


} 


2 


returned from Switch sub 
ssas for plctting 
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routine containing 


Y2ANS 


Y3ANS 


aia Sore ie eesres. Sie°e: 


Answer referenced to X axis salection 

Answer referenced to multiple xX axes selection 
Answer referenced to multiple X axes selection 
Maximum value of abscissa desired for plotting 
Minimum value of abscissa desired for plotting 


array ef values referencing subplot lccations 
of abscissas 


Increment size btetween minimum and maxium of the 
abscissa axis 


Array returned from Switch subroutine containing 
abscissas for plotting 


Array for X axis answers for two graph option 
Array fer X axis answers for four graph option 


Array returned from Switch subroutine containing 
ordinates for plotting 


Answer referenced to Y axis salection 

Answer referenced to aultiple ¥ axes selection 
Answer referenced to multiple Y axes selection 
Maximum value of abscissa desired for plotting 
Minimum value of ordinate desired for plotting 


Array of values referencing subplot locations 
cf crdinates 


Increment size ktetween minimum and maxium of the 
abscissa axis 


Array returned from Switch subroutine containing 
ordinates for plictting 


Array for Y axis answers for two graph option 
Array for Y axis answers for thre2 graph option 
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Y4UANS 


yA 


Array for Y axis answers for four graph opvion 


Array in subroutine switch for parameters 
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Ae USERS GUIDE TO THE CONCEPTUAL DESIGN PROGRAM 

The design program has been developed with the user in 
mind. The program is complecely interactive in that it 
prompts the user for any inputs needed. Ths following steps 
should be taken to invoke the program and ¢o get an output 
file useable for analysis. 


1. Logon as normal on either «he IBM 3278 or the 
Tektrenix 618 dual screen systen 


2. Obtain temporary storage space by csyping in: 
DEFINE STORAGE 1M (entar) 


3. When PSW '00020000 00000000 appears on the screen 
type in: 


I CMS (enter) 


4. If the program has not been compiled on your disk 
yet type in the fcllowing: 


FORTGI DESIGN (enter) 


5. After the program has been compiled you are ready 
to run the programs by typing in: 


DISSPLA (enter) 


6. You will be asked to enter library functions or to 
press enter. Press the enter kay. 


7. You will then be asked if you want additional 
eeaporary space for shading, etc.. Again, press 
the ente? key. 


8. Next you will be asked to enter any defined files 
that you want. Here you should snt3r the 
following: 
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9. 


10. 


11. 


12. 


13. 


FILEDEF 08 DISK DESIGN (file namé) 


After entering the above line the screen will 
flash and your FILEDEF should ba listed on the 
Borcce lina of the axisting FILEDEPS. If your 
filedef is listed press the entar key to start 
the program execution. 


at me srrcha Gauiscens give) on tha acest You 
w nee re) s Design Ma and the 
appropriate had SaeEoee gress peda lets the 


If you are on the IBM 3278 terminal you will not 
get a gz2ph therefore, you must plot the as 
power daz by hand and extrapolate the nesded data 


If you are using tha TEK 618 dual screen systen 
a apn will be drawn of *he total poser curve 
and its componants at altitude waich can 
immediately be used to pee CS the necessary 
data to complete the entire design process. 


Note that the output file of all the information 
that you have computed is in tha file tha* you 
have defined. To get your data typ2 in: 


PRINT DESIGN (filename) (CC 


B. PROGRAM NCMENCLATURE 


HN EMONTC 


DEP INITION 
Sonic speed at standard sea laval 
Sonic speed at specification density altitude 
Average aircraft serviceable life in years 
Average flight hours per flight 
Average flight hcurs par year per airframe 
Ordinate intercept of fuel flow-horsepower curve 
Maximum tate of climb calculation altitude 
Service ceiling altitude 
Steady flow stall angle of tha airfoil 
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ANS 


AR 


AREASR 


AREATR 


ARTR 


ARVS 


AVAIL 


AVAIL 


A11 


A12 


A13 


A14 


A80 


BETA 


BLADES 


General variable for keyboard answer 

Aspect ratio of the main sotor system 

Area of the main rotor disc 

Area of the tail rotor disc 

Aspect ratio of the tail rotor 

Vertical stabilizer aspect ratios 

Availability of an angine 

Availability (multiple engine) 

Term in definition of THETA2 

Term in definition of THETA2 

Term in definition of THETA2 

Term in definitica of THETA2 

Vertical stabilizer angle of attack at 80 knots 
Angle of attack of the advancing blade (radians) 
Vertical stabilizer angle of attack at 160 knots 
Angle of attack of the advancing blade (degrees) 
Angle of attack of retreating blade (radians) 
Angle of attack cf retreating blade (degrees) 
Main rotor tip loss factor 

Slope of the fuel flow horsepower curve 

Main rotor tip loss factor at a hover 

Blade loading of the main rotor system 


Number of main rotor blades 
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BLADTR Numter of tail rotor blades 


BS Term used in inbcard stall analysis 

BTA Tail rotor «ip loss factor at altitude 
BTR Tail rector tip less factor 

BVS Span of the vertical stabilizer 

CDO Coefficient of drag of a main rotor blade 


CDOTR Coefficient of drag of a tail rotor blade 

CHORD Chord cf a main rotor blade 

CHORDT Chord of a tail rotor blade 

CL Coefficient of lift of a main rotor blade section 
CLA Lift curve slope of a main rotor blade section 
CLMAX Maximum coefficient of lift for a blade section 
CL80 Section coefficient of lift at 80 knots 

CL160 Section coefficient of lift at 160 knots 

COLL Collective position (radians) 

COLLD Colleccive position (degrees) 

COMPAR Weight variance parameter 

CONST Constant value in ICAO formulae 


COUNT Counter variable 


CPC Correction to power coefficient 

CPS Correction to pewer coefficient due to stall 
CREW Number cf specified crew 

cs Term used in stall analysis 
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cT Main rotor coefficient of thrust 


° * ££ © ow vc FY 8, ee 


eft 


CTH Main rotor coefficient of thrust at a hover 
CTTA Tail rotor coefficient of thrust at altitude 
CTTR Tail rotor coefficient of thrust at sea level 
CYCD Cyclic position (degrees) 

EYeLre Cyclic position (radians) 

C1 Cost of main rotcr 

C2a Cost of tail rotor 

C2B Cost of tail rotor structure 

C3 Cost of body 

c4 Cost of landing gear 

e5 Cest of nacelle 

C6A Cost of engine 

C6B Cest of drive systen 

cé6c Cost of fuel canks 

Cy Cost of flight ccntrols 

C8 Cost of auxillary power 

cg Cost of instruments 

C10 Cost of hydraulics 

fom 8 Cost cf electrical systen 

C12 Cost of avionics 

C13 Cost of furnishings 

C14 Cost of aiz and ice 
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D2 


EPPAFF 


EFPAVF 


EIW 


EIWS 


ENGSEL 


ESHPR 


EW 


EWN EW 


EXCESS 


Cost of load and handling 

Diameter of the rotor systen 

Blade angle of advancing blade (degraes) 
Fuel flow ratio 

Frror function 

Disc loading of the main rotor system 
Term used in blade stall analysis 
Parasite drag 

Acceptable error function 

Powerplant dry weight of an engina 

Design gross weight 

Powerplant dry weight (multiple engine) 
Stall analysis parameter 

stall analysis parameter 

Effective flat plate area (horizontal) 
Effective flat plate area (vertical) 
Engine installed weight 

Engine installed weight, (mul«iple engine) 
Engine selected 

Estimated shaft horsepower reguirad to hover 
Estimated engine weight from weight estimations 
New engine weight using powerplant data 


Excess weight 
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: E1 Stall analysis parameter 

E2 Stall analysis parameter 

P E3 Stall analysis parameter 

FL Factcr for landing gear weight approximation 

; PSLT Length of the fuselaga 

: FSLTS Specification maximum leng<h of the fuselage 
PUEL Amount of fuel in pounds 
PW Fuel weight in pfeunds 


PWNEW Change in original fuel weight for printout 
GALIN Internal fuel waight in gallons 

GALOUT External fuel weight in gallons 

GAM Stall analysis parameter 

GWSPEC Specification maximum gross weight 


HL Life of the aircraft 


> 
; 
} 
| 


| HOVIGE Specification hover ceiling (in ground effect) 


HP sorand eetacey the main rotor sysam (out of 
ht Rotor system height above the ground 

| I Do loop parameter 

! Ic Initial cost of an engine 

| ICM Initial costs (multiple engins) 

} IER Library function error code 

| IF Installation fraction 

| IHP Array for plotting 
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IR Inflation rate in 1977 dollars 


K De lcop parameter 

KNOTS Increment for forward speed 
KNT Increment for fcrward speed 
KNTS Knots increment for table 
KS Stall analysis parameter 


LAMBDA Stall analysis parameter 
LAMB1 Stall analysis parameter 


LAMFR Used for reliability calculation 


Lcc Life cycle cost cf an engine 

LCCS Life cycle cost (multiple engine) 

LERR Acceptable error function 

LG Type of landing gear 

LOAD Loading used +o find effective flat plate area 
LREF Acceptable error function 

LTR Length of the tail rotor 

M Figure of merit 

MACH Maximum allowable Mach number at sea level 
MACHT Main rotor system tip Mach number 


MAINT Maintainability of an engine 
MAINTM Maintainability (multiple engine) 
MAXRC Specification rate of climb 


MAXYV Maxium forward velocity in feet per second 
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MCRIT 


MCRO 


MD 


MDT 


MTBP 


MTBMA 


MTBR 


MTBRM 


MTIP 


MTTR 


MUTR 


NDEG 


NENG 


N EWUSE 


NN 


NRPL 


NRPLS 


NW 


NXRPL 


NXRPLM 
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Critical Mach number 

Zere angle of attack critical Mach number 

Drag divergence Mach number 

Mean down time of an engine 

Mean tims berwaen engine failures 

Mean tima between maintenance actions per engine 
Mean time b2tween repairs for an engine 

Mean tima between repair (multipla engine) 

Tip Mach number of the main rotor systen 

TIP MACH NUMBER OF THE TAIL ROTOR SYSTEM 
Advance ratio of the main rotor system 

Advance ratio of the tail rotor system 

Do loop ovarameter 

Order of differential equation 

Nuater of engines 

New useful load 

Do loop parameter 

Nuaber of engine replacements (real or integer) 
Number a dhaine replacemants (multiple engine) 
Number of landing gear 

Number of egine cepiacéwente (integer) 

Number of engine replacements (multiple engine) 


Operating cost of an engine 
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OLD 


OMEGA 


OMEGTR 


PA 


PADJA 


PADJS 


PALT 


PAVAIL 


PC 


PCMPA 


PCMPs 


PEOPLE 


PT 


PIE 


PIHP 


PITLF 


PITLFA 


PITLFS 


PITLGE 


P ITLGH 


PITL# 


PITLTF 


PITLTR 
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Previous gross weight used for comparison 


Main rector rotational velocity (radians) 


Tail retor rotational valocity (radians) 


Specificatien pressure altituis 


Adjusted power at altitude 


Adjusted power at sea level 


Rate of climb pressura 


Power available 


Power to climb 


Array for compressible power at altitude 


Acray for compressible power at sea level 


Number of people 


Induced power 


of the main rotor system 


Constant for value of pi 


Induced power 
Induced power 
Induced power 
Induced power 
Induced power 
Induced power 
Induced power 
Induced power 


Induced power 


of the main rotor system in HP 

(IGE) at a forward speed 

at alsitude at forward speed 

at sea level at forward speed 

in ground effect 

ata hover 

at a hover 

of the tail rotor in forward flight 


for the tail rotor 
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PITRFA 


PITRFS 


PIVERT 


PIX 


PITY 


PM 
PMBS 
PO 
Poc 
POF 
POFA 
POFS 
POH 
POHP 
POTA 
POTR 
POT RF 


POTRFA 


POTRFS 


POX 


POY 


oie ELAS he tail rotor at altitude 


Induced power of the tail rotor at sea level 
in ferward flight 


Induced power vertically 


Rersy used for plotting of total induced power at 
sea level 


Array used for plotting total induced power at 
altitude 


Preventative maintenance cost of an engine 
Blade stall power factor 

Profile power of the main rotor system 
Frofile power to climb 

Profile power at a forward speed 

Profile power at altitude at forward speed 
Profile pewer at sea Lecel at forward speed 
Frofileé power at a hover 

Profile power of the main ise system in HP 
Profile power of tail rotor at altitude 
Profile power fer the tail rotor 

Profile power of the tail rotor in forward fliagh+ 


Profile power of the tail rotor at altitude 
in forward flight 


Profile power of the tail rotor at sea lavel 
in forward flight 


ae | used for plotting of total profile power at 
sea level 


Array used for plotting total profile power at 
altitude 
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PP 


PPC 


PPF 


PPFA 


PPFS 


PPOGE 


PPOGEH 


PPX 


PT 


PTACH 


PTAH 


PTAVAL 


PTF 


PTPA 


PTFS 


PTH 


PTHOVS 


PTHP 


PTT AHP 


Parasite power 


Farasite power 


Parasite power 


Parasite pewer 


Parasite power 


to cliak 
at a forward spsad 
at altitude at forward speed 


at s2a level at forward speed 


In ground effect distance parameter 


Ground effect factor at a hover 


Arra 


sea i. 


vel 


Array usad for plotting total parasite power 
altizude P q P P 


Specification pressure altitude 


Stall 


power 


Fhantom Shaft horsepower 


Total 
Total 
Total 
Total 
Total 
Total 
Total 
Total 
Total 
Total 


Total 


power of the main rotor systen 


power 


power 


power 


power 


power 


power 


power 


power 


power 


power 


for the aircraft to hover 


of 


the aircraft +o hover 


available 


at 


at 


at 


at 


to 


of 


of 


a forward velcsity 
altitude at forward speed 
sea level at forward speed 
a hover 

hever 

the main rotor system in HP 


the aircraft to hover in HP 
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used for plotting total parasite power at 


at 
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PTTRF 


PTTRFA 


PTTRFS 


PTTRH 


PTTRHP 


PTVERT 


PTX 


RC 


RCLIMB 


RCN 


RDC 


RDC 


RELY 


REL YM 


REVWE 


REVWG 


RHOALT 


RHOMH 


RHOS 


Total power of the tail roter in forward flight 


Total rower of the tail rotor at altitude 
in forward flight 


al power of the tail rotor at sea level 
ferward flight 


in’ 
Total power for the tail roter at a hover 

Total power for the tail rotor at a hover in HP 
Total power vertically 

Array used for plotting total powsr at sea level 
Array used for plotting total power at altitude 
Froduction run guantity 

Rotor radius 

Retreating blade stall velocixy 

Recovery cost of an engine 

Rate of climb 

Recovery cost (multiple engines 

Research and development cost of an angine 
Research and development costs (multiple engine) 
Reliability of an engine 

Reliability (multiple engine) 

Revised empty weight 

Revised gross weight 

Density at specification density altitude 
Density at hover in ground effec+ ceiling 


Density at service ceiling 
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RHOSC Service ceiling density 

RHOSL Sea level density 

RNG MAX Maximum range as per specification 

RNGNMSX New maximum range 

RSHPC Required shaft horsepower for cruise 

RSHPME Required shaft horsepower for nax endurance speed 
RSH RME Total required shaft horsepower for max enduracne 
RSHPRC Total required shaft horsepower for cruise 


RRSHP Required shaft horsepower 


RSHPM Required shaft hcrsepower (military) 

RSPEC Specification maximum rotor radius 

RT Stall analysis parameter 

RTR Tail rotor radius 

cS) Main rotor planform area for waight estimation 
SB Body surface area for weight estimation 

SC Specification service ceiling 

SFCC Cruise specific fuel consumption 

SFCM Military specific fuel consumption 

SFCN Normal specific fuel consumption 

SHPC Cruise shaft hersepower 

SHPM Military shaft horsepower 

SHP MM Military shaft hersepower (muitiple engine) 
SHPN Normal shaf+ horsepower 
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SIG 
SIGMA 
SIGIR 
SIM 
SPCLOD 
STEP 
sTt 

SV 

SVM 
TALT 
TEMP 
THETA 
THETAO 
THETA2 
TOTALC 


TRIP1 


TRIP2 


TRIP3 


TRIPS 


TRIPS 


TSHP 


TTR 


Fressure ratio 


Solidity of the main rotor systen 


Solidity of the tail rotcr systen 


Weight variance parameter 


Specification useful load 


Variance parameter for iterations 


Total tail surface area for weight estimation 


Salvage value 


Salvage value (multiple engina) 


Rate of climb temperature 
Specification temperature 


Temperature ratio 


Collective angle in radians 


Cyclic angle in radians 
Total cost of an aircraft 


Trips «he program so that 
repeated 


Trips the program so that 
repeated 


Trips the program so that 
repeated 


Trips the program so that 
repeated 


Trips the program so that 
repeated 


Total shaft horsepower 


Thrust of the tail rotor 
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TTR 80 Tail rotor thrust a+ 80 knots 

TTR 160 Tail rotor thrust at 160 knots 

TWIST Twist of main rotor blade 

TYPE Type of helicopter (light,medium,heavy) 


TYPEM Type of aircraft (light,mediun, heavy) 


T1 Term used in defining THETAO 
T2 Term used in defining THETAO 
73 Term used in defining THETAO 
TY Term used in defining THETAO 


USELOD Useful load desired 
VCR Cruise velocity as per specification 


V ELMAX Maxinum forward velocity 


VF Forward velocity 
VFWD Forward velocity 
VF80 Forward velocity at 80 knots in ft/sec 


VF160 Forward velocity at 160 knots in ft/sce 

VI Induced velocity in a hover 

VINEW Induced velocity at hover 

VIT Vertical induced velocity at a hover 

VITNEW Induced vertical velocity at a hover 

VITR Induced velocity of the tail rotor 

VITTR Induced vertical velocity of the tail rotor 


VL stall parameter 


VMAX Specification maximum forward velocity 
VMAXE Maximum endurance velocity 

VMAXF Maximum forward velocity in knots 

VMAXK Initial forward velocity for stall analysis 
VMAXR Maximum range velocity 

VOPT Optimum velocity for aircraft in ft/sec 


VOPTK Optinum velecity for aircraft in knots 


vs Forward spead in ft/sec 
VSK Forward speed in knots 
VIIP Tip velocity of the main rotor systen 


VTIPTR Tail rotor tip velocity 
VINEW Soluticn to fourth order differential equation 


VVERT Vertical velocity 


WE Manufacturers ampty weight 

WFC Cruise fuel flow rate 

WFCR Fuel fiow rate for cruise flight 

WFM Military fuel flew rate 

WEME Fuel flow rate for max endurance velocizy 
WRN Norsal fuel flow rate 

WG Gross weight 


WGNEW New gross weight 
WxO Transmission and oil weight 


WXOM Transmission and oil weight (multiple engine) 
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WOA 


W6B 


XRLG 


YMC 


Rotor weight 

Tail rotor weight 

Tail retor structure weight 
Body weigaot 

Landing gear weight 
Nacelle weight 

Engine weight 

Drive weight 

Fuel tank weight 
Flight control weight 
Auxillary power weight 
Instrument weight 
Hydraulic weight 
Electrical weight 
Avionics weight 
Furnishings weight 

Air and ice weight 


Load and handling weight 


Radius used for stall analysis (inboard) 


Fixed or retractabia landing gear 


Radius outboard analysis 


Yearly maintenance cost of an engine 


Yearly maintenance costs (multiple engine) 
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YOCM 


ZCUPLX 


ZHI 


Yearly operating cost of an sngine 
Yearly operating costs (multiple engine) 
Array for library fuaction 


zZere horsepower intercept 
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TABLE III 


AH-64 Data 


Parameter 

Main rotor radius 

gait rotor radius 

Number of main rotor blades 

Number of tail rotor blades 

Height of the main rotor systen 
Speéd of the main rotor 

ees of the tail rotor 

Chord of the main rotor 

Chord of the tail rotor 

Span of the main rotor 

Span of +he tail rotor 

Twist of the main rotor blade 

Twist of the tail rotor blade 
Profile drag cf the main rotor blades 
rofile drag of “he tail rotor blade 
Disc loading or <h2 main rotor syszem 
Width of thé fuselage 

Length of t+h2 fusel 


age 
Frontal equivalent fiat plate area 
Vertical equivalent flat plate area 
Maximum forward velocity 
Maximum range 
Rate of climb 


Hover ceiling (IG 
Hover ceiling (0G 
Length of th? tail 
Operating weight 


Load weight 
Fuel weight ; 
Maximum gress weight 
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TABLE IV 


OH-6A Data 


Parameter 

Main rotor radius 

Tail rotor radius 

Number of main rotor blades 
Number of tail rotor blades 
Haight of the main rotor system 
Speed of the main rotor 

Speed of the tail rotor 

Chord of the main rotor 

Chord of the tail rotor 

Span of the main rotor 

Span of the tail rotor 

Twist of the main rotor blade 
Twist of the tail rotor blade 
Profile drag cf the main rector bl 


Disc loading of the main rotor sy 
Width of thé fuselage 
Length. of the eetans tb 
Frontal equivalent flat plate area 
Vertical equivalent flat clate area 
Maximum forward velocity 


Maximum range 
IG 
OG 
oe 
© 


ad3 
Profile drag o€ the tail rotor blad2 
s72m 


Rate of ¢limd 
Hover ceiling 
Hover ceiling 
Length of th? * 
Operating weigh 
Load weight 
Fuel weight ; 
Maximum gross weight 
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TABLE V 


SH-3H Data 


Parameter 

Main rotor radius 

Tail rotor radius 

Number of main rotor blades 
Number of tail rotor blades 
Height of the main rotor sys*en 
Speed of the main rotor 

Speed of the tail rotor 

Chord of the main rotor 

Chord of the tail rotor 

Span of the nain rotor 

Span of the tail rotor 

Twist cf the main rotor blade 
Twist of the tail rotor biade 


i of the main rotor blade 

Profile drag cf *he tail rector blade 

4 of the main rotor system 
Width of the fuselage 
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TABLE VI 


S-76 Data 


Paramster 

rotor radius 

rotor radzus 

Number of main rotor blades 
Number of tail rotor blades 


Height of the main rotor systen 
Speéd of the main rotor 
Speed of the tail rotor 
Chord of the main rotor 
Cherd of the taii rotor 
Span of the main rotor 
Span cf the tail rotor 


Twist of the main rotor blade 
Twist of the tail rotor blade 


Profile drag cf the 


main rotor 


brofile drag of the tail rotor 
Disc loading of the main rotor 


‘Width of the fuselage 
Length of the puseeads 
Frontal equivalent flat 


blade 
blade 


system 


plate area 


Vertical equivalent flat plate area 


Maximum forward velocity 
Maximum range 

Rate of climb 

Hover ceiling (IGE 

Hover ceiling (0G 
Length of thé tail 
Operating weight 

Load weight 

Fuel weight d 
Maximum gross weight 
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TABLE VII 


UH-60A Data 


Parameter Val 


tw 


th 
oO 
4)) 
i+ 


Main rotor radius 26. 
Tail rotor radius 4, 
Number of main rector blades 

Number of tail rotor blades 

Height of the main rotor systen 

Speéd of the main rotor 

Speed of the tail rotor 

Chord of the main rotcr 

Chord of the tail rotor 

Span of the main rotor 

Span of the tail rotor 

Twist of the main rotor blade 

Twist of the tail rotor blade 

Profile drag of «he main rotor blades 
Profile drag of the tail rector blade 
Disc loading of the main rotor system 
Width of the fuselage 
Length of the pats BS 
Frontal equivalent flat plate area 
Vertical equivalent flat plate area 
Maximum forward velocity 


Maximum range 
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Rate of climb 

Hover ceiling 
Hover ceiling 

Length of the tail 7 
Operating weigh 

Load weight 


Fuel weight 
Maximum gress weight 
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TABLE VIII 


CH-54B Data 


Parameter 

Main reter radius 

Tail rotor radius 

Number of main rotor blades 
Number of tail rotor blades 
Height of the main rotor systen 
Speed of the main rotor 

Specs of the tail rotcr 

Chord of the main rotor 

Chord of the tail rotor 

Span of the nain rotor 

Span of the sail rotor 

Twist of the main rotor blade 
Twist of the tail rotor blade 


Profile drag cf «he main rector blade 
Profils drag of the tail rotor blade 
3 g of the main retor systen 
Width of the fuselage 

Length of the See 

Frontal esquivalent flat plate area 
Vertical Equivalent flat plate area 
Maximum forward velocity 

Maximum tang: 

Rate of ¢cljmb 

Hover ceiling (IGE 

Hover ceiling 
Length of the 
Operating weigh 

Load weight 

Fucl weight ; 
Maximum gress weight 
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TABLE IX 


CH-53D Data 


Paramezer 

Majin rotor radius 

Tail rotor radius 

Number of main rector blades 

Number of taii rotor blades 

fseae of the main rotor syst¢n 
Speéd of the main rotcr 

Speed of the tail rotcr 

Chord of the main rotcr 

Chord of the ©@i1 Cotes 

Span of the main rotor 

Span of the tail rotor 

Twist of the main rotor blade 

Twist. of the tail rotor blade 
Profile drag cf =he2 main rotor blade 
Profile drag cf the tail retozr blade 
Disc loading of the main rotor system 


Width of *the fuselage 

Length. of the rere 

Frontal equivalent flat plate area 
Vertical @quivalent flat plats areé 


Hover ceiling Re 
Hover ceiling (OGE 
Length of tha tail 
Cpefating weight 


Load weight - 
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TABLE X 


CH-53E Data 


Parameter 

Majin rotor radius 

Tail rotor radius 

Number of main rotor blades 

Number of tail rector blades 

Height of the main rotor systeén 
Speed of the main rotor 

apeeG of the taii rotor 

Chord of the main rotor 

Chord of the tail rotor 

Span of the main rotor 

Span of the tail rotor 

Twist of the main rotor blade 
Twist_of the tail rotor blade 
Profile drag of the main rector blade 
Profile drag of the tail rotor blade 
Disc loading of the main retor system 
Width of the fuselage 


Lenath of the fuselage 

Frontal equivalent flat plate area 
Vertical equivalent flat plate area 
Maximum forward velocity 

Maximum range 

Rate of climb 

Hover ceiling (IGE 

Hover ceiling (0G 


Fuel weight 
Maximum gross wecght 
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MAIN ROTOR SPEED (RPM) 


HELICOPTER DESIGN 


AE 4306/4800 


6 0 18 
HEIGHT OF ROTOR SYSTEM (FT) 


Figure 3.2. X-Y¥ Plot (vertical page format) 
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AE 4306/4800 


TAIL ROTOR SPEED (RPM) 
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TAIL ROTOR SLADE SPAN(FT) 


Figure 3.4. Multiple X Axes Plot (vertical page format) 
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MAIN ROTOR RADIUS (FT) 


MAIN ROTOR SPEED (RPM) 
¢ & g 
(iain intends ieee ee Deed eee Oe De Bee Oe Oe Bee | 


Figure 3.6. 
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LENGTH OF TAIL (FT) 


Multiple Y Axes Plot (vertical page format) 
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Three Plot Option 


Figure 3.8. 
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POWER VS. VELOCITY AT ALTITUDE 
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Sample Total Power Curve 


Figure 3.10. 
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